I. INTRODUCTION
Different methods have been developed for estimating cardiac output: (i) Indicator-dilution methods that use continuous infusion, or direct application of the Fick principle; (ii) Indicator-dilution methods that use rapid injection, including use of foreign gases and dyes; (iii) Non-invasive methods. All these methods with the exception of the last group require cardiac catherization procedures.
The non-invasive techniques, i.e. the indirect ultrasonic and impedance plethysmographic provide significant information for the clinician, as applied to the monitoring of cardiovascular patients as well as normal subjects. In this study, the invasive thermal dilution method is compared to the non-invasive impedance cardiography method.
II. METHOD AND RESULTS
A total of 126 cardiac output values, in 8 dogs were recorded simultaneously by impedance and thermodilution.
The maximum amplitude of dZ/dt, LVET (left ventricular ejection time) and heart rate were obtained from the dZ/dt, aortic blood pressure and ECG waveforms respectively. These values were averaged over 3 to 5 pulses. The stroke volume was calculated using [1] . For each dog three groups of data were taken, i.e. Control, Isoprotenol, and Pentobarbital. Isoprotenol and Pentobarbital were administered intravenously to increase and decrease cardiac output respectively. For each 0-7803-0785-2/92$03.00 ©IEEE of these groups, the mean (mn), standard deviation (sd), and the standard error of the mean percent (SEM%) were computed. The SEM is given as the sd divided by the square root of the number of measurements. This measure is the basis for predicting reproducibility. The SEM expressed as a percent, is the ratio of the SEM and the average value of cardiac output. Table I summarizes the mean, sd and SEM% cardiac output for each group of measurements, for each dog.
m. DISCUSSION
After examining all the data, the mean cardiac output, sd and SEM% of the thermodilution and impedance methods were 1.75, ±0.92, 4.7% and 1.5, 26.1 ±0.59 and 3.5%, respectively. The impedance method resulted in a smaller SEM% compared to the thermodilution method. A standard two-tailed T test performed on these data indicated that the mean value of cardiac output by impedance is not significantly different (p<0.05) from the mean value determined by thermal dilution. Although the mean absolute values obtained in this study with both methods are very close, there is a large scatter of interindividual data, which gives moderate correlation (r=0.61) between the cardiac output for both methods. Impedance and thermodilution were compared in man where correlation coefficient for cardiac output and stroke volume were 0.61 and 0.72 respectively [2] .
Results showing the reproducibility of the thermodilution and impedance methods are listed in Table 1 . The average SEM% of all determinations (6 cardiac output measurements for each determination) of cardiac output by impedance and thermodilution is 3.5 and 4.7% respectively. These SEM% values predict that for the impedance and thermodilution methods for determining cardiac output, values need to be different by :1:3 * SEM i.e. 10.5% (3*3.5%) and 14.1% (3*4.7%) respectively to establish a significant change of cardiac output as rep0l1ed by [3] . It is impo11ant to note that the average SEM% value for impedance and thermodilution is different, for each cardiac output determination. Also, as given in Table I , impedance reproducibility is better than the thermodilution reproducibility.
A standard two tailed T test for each dog, showed that there is no significant difference between the impedance and thermodilution techniques in all but two dogs. Haffty et al [4] , studying human patients in the cardiac catherization laboratory obtained good correlation (r=0.82), but reported an overall significant difference (T test, at p<0.05), between the absolute values of the two methods. On the other hand, no significant difference (T test, at p<0.01) in all of their inter subject (chronic dialysis patients) measurements was found by Handt et al [5] .
The thermodilution method, produced larger cardiac output values than the impedance method as given in Table 1 . Several other studies reported that the thermodilution method, at low flow states, overestimates cardiac output [6, 7, 8] . At low cardiac output, the total temperature change over time to which blood and tissue are exposed, is greater than normal, Therefore, considering the results of the above studies and based on the results of this study, that higher cardiac output values and poorer reproducibility was obtained by the thermodilution over the impedance, the accuracy of the thermodilution method at low cardiac outputs is questioned. Since the impedance method gave better estimates of cardiac output and better reproducibility over thermodilution, the impedance method appears to be more accurate and more suitable than the thermodilution method. Therefore the impedance method is well suited to be used in the clinical laboratory for the paediatric patient.
